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Die folgenden Beispiele sollendie Erflndung eriamern. 

Beispiele 
Beispiel I 
Pfropfcopolymerisat 

produkt uberfuhrt werden. 

Beispiel 2 
Biologische Abbaub'arkeit 

saure. weiscn dagegen biologische Abbaubarkeuer. von weniger ais 20% auf. 

Beispiel 3 
Dispergierverm6gen 

Die Pfropfcopolymerisate a werden den Formulierungen zur Bindung von Erdalkaliionen und ab Dispergier- 
mittel fur ausgefailene Wasserhartc und Schmuttteilchen zugesetzt. 
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German OLS 43 16 746 Al 

Application filed: 19.5.93 
OLS published: 24.1L94 
Hills AG 

Phosphate-free machine dishwash compositions 

The invention relates to the use of phosphate-free formulations consisting of 

(a) saccharide-containing graft copolymers 

(b) alkali formers 
and optionally 

(c) dispersing and compiexing agents 

(d) low-sudsing surfactants and 

(e) other additives v 
as machine dishwash compositions. 

The formulations are characterised by improved btodegradability. 



The invention relates to phosphate-free detergents with improved biodegradability for 
mechanical dishwashing use. 

The task of dishwash detergents is to remove food residues from crockery, cutlery, glass, 
kitchen equipment and the like. The detergent must help wet the surfaces that are to be 
cleaned, and it must emulsify and disperse water-insoluble soil particles in the wash solution. 
The detergent also has to suppress the foam that is caused by food remnants, remove coffee 
and tea stains, prevent the buildup of soil films on the surface of crockery and glassware, bind 
substances in water and food that cause water hardness, and destroy bacteria. 

Conventional dishwash detergents are strongly alkaline compositions, consisting essentially 
of alkali metal triphosphate, alkali metal metasilicate, and alkali metal carbonate. Non- 
sudsing surfactants, fillers and chlorine-releasing materials can also be used. Such detergent 
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are described for example in 'Tensid-Taschenbuch" H. Stache, Carl Hanser Verlag Munich 
Vienna (1981). 

More recent product developments in the machine dishwash field were initially aimed at 
replacing phosphate, which although an effective water softener and a good dispersant for soil 
particles, has ecological drawbacks. Pollution of effluents with phosphates gives rise to 
excessive fertilisation in surface waters and the problems associated with eutrophication. 
Patent specification Nos. EP 0 186 088, DE 30 01 937, DOS 25 07 291, DE 36 27 773, DOS 
21 46 276 and other publications describe phosphate-reduced and phosphate-free 
formulations. As phosphate substitutes there have been proposed for example phosphonates, 
zeolites, polycarboxylates, citrates, tartrates, EDTA and nitrilotriacetate. 

In more recent times there has been developed a new generation of phosphate-free 
dishwashing products with reduced alkalinity, from which chlorine-releasing substances are 
often omitted. These "mild" dishwash products are as a rule based on trisodium citrate 
combined with polycarboxylates as the most important phosphate substitute. In addition, the 
products also contain low-sudsing nonionic surfactants, enzymes, oxygen-based bleaches (for 
example sodium perborate) and bleach activators, such as for example 
tetraacetylethylenediamine. 

Some of the proposed phosphate substitutes do not exhibit sufficient cleaning action, while 
others, such as for example EDTA, are little used for ecological reasons. In contrast, 
polycarboxylates and in particular the homopolymers of acrylic acid and copolymers of 
acrylic acid and maleic acid are useful phosphate substitutes and they are used today in 
commercial dishwash detergents. 

A disadvantage of polycarboxylate-containing dishwash products is that the acrylate 
polymers that are used in these products as phosphate substitutes exhibit virtually no 
biodegradability and so are not mineralised in effluent-treatment plant like the surfactant 
products that are contained in modern detergents. 
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Consequently, it is the aim of the present invention to provide novel dishwashing detergents 
containing biodegradable and ecologically compatible polymers as the phosphate substitute. 

In the invention, this aim is achieved by formulations for phosphate-free machine dishwash 
detergents which contain 

(a) from 1 to 60% by weight of graft copolymers of 

A. Monosaccharides, oligosaccharides and/or their derivatives 

B. Monoethylenically unsaturated monocarboxylic acids and/or their salts with monovalent 
cations, 

C. Monoethylenically unsaturated sulphonic acids, sulphuric acid esters and/or their salts with 
monovalent cations, and 

D. Optionally other monomers which can contain a carboxyl group, 

(b) from 5 to 90% by weight of an alkali former 

(c) from 0 to 60% by weight of dispersing and complexing agents 

(d) from 0 to 10% by weight of low-sudsing surfactants and 

(e) from 0 to 50% by weight of other additives. 

The formulations contain component (a), the graft copolymer, preferably in an amount of 
from 3 to 30% by weight, amounts of from 5 to 15% by weight being especially preferred. 

The graft copolymers preferably consist of from 5 to 50% by weight of component A and 
from 95 to 50% by weight of components B to D. Products with from 20 to 50% by weight 
of component A and from 80 to 50% by weight of components B to D are especially 
preferred. 

The ratios of components B to D to one another are expressed herein in parts by weight. For 
example the graft copolymers preferably contain - in addition to from 50 to 95 parts by 
weight of component B - from 50 to 5 parts by weight of component C and from 0 to 35 parts 
by weight of component D. The total parts by weight must be 100. In a special embodiment, 
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from 60 to 90 parts by weight of component B, from 40 to 10 parts by weight of component 
C, and from 0 to 30 parts by weight of component D are used. 

Examples of useful monosaccharides are glucose, fructose, allose, altrose, mannose, gulose, 
idose, galactose, talose, as well as ribose, arabinose, xylose, lyxose, erythrose and threose. 
Also useful are the sugar alcohols that are obtainable by reduction from these compounds, 
such as for example sorbitol and mannitol, as well as similar polyhydroxy compounds. There 
can also be used oxidation products such as for example gluconic acid, glucuronic acid and 
esters thereof. Alkyl glycosides such as for example methyl and butyl glycosides, allyl, 
hydroxyalkyl or carboxyalkyl ethers of monosaccharides can also be used. 

The oligosaccharides preferably have a mean degree of polymerisation of from 1.1 to 20. 
They can be constituted from the aforesaid monosaccharides and they can contain the same 
derivatives. For the purposes of this invention, disaccharides count as oligosaccharides. 
Examples of disaccharides are sucrose, maltose, cellobiose, lactose and gentiobiose. The 
graft copolymers can also contain the degradation products of starch, cellulose or 
polysaccharide compounds, for example of hydroxypropyl cellulose or carboxy methyl 
hydroxyethyl cellulose. These degradation or saccharification products are in part mixtures of 
mono and oligosaccharides. Because of their availability and price, sucrose, glucose, fructose 
and starch saccharification products are preferred. 

Useful monoethylenically unsaturated monocarboxylic acids are for example acrylic, 
methacrylic, tiglic, angelic and crotonic acid. Preferably, the monocarboxylic acids contain 
from 3 to 10 C atoms. These are in particular acrylic and methacrylic acids, their alkali metal, 
ammonium and amine salts and suitable mixtures. 

Examples of compounds making up component C are vinyl, allyl, methallyl, 
acrylamidomethyl-propanesulphonic acid and styrenesulphonic acid as well as the sulphuric 
acid esters of olefinically-unsaturated alcohols, such as for example allyl and methylallyl 
sulphate. Preferred salts are potassium, sodium and ammonium salts. 
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As component D, which can contain a maximum of one carboxyl group, there are preferably 
used compounds with alkylene oxide units in the molecule. Particular mention can be made 
of polymerisable monomers with from 2 to 50 alkylene oxide units. Examples are an allyl 
alcohol etherified with 10 moles of ethylene oxide, and methoxypoly(ethylene 
glycol)methacrylate with 20 ethylene oxide units. As other monomers there can be used 
ethers capped with vinyl end groups and compounds with more than one double bond. These 
compounds are preferably used in amounts of up to 30 parts by weight, calculated on 100 
parts by weight of components B to D. 

Also useful as component D are monomers whose functionality increases the molecular 
weight, this effect being achieved by branching or cross-linking. Allyl methacrylate and 
glycidyl methacrylate can be mentioned as examples. 

These sugars and monomers are mentioned only by way of example and are not intended to 
be limiting in any way. 

The graft copolymers can be obtained by polymerisation processes that are known per se, for 
example in solution or in suspension. The polymers which are usually obtained in aqueous 
solution can if necessary be converted into powder products by drying, in particular by spray 
drying. 

As well as the graft copolymers, the formulations also contain alkali formers. Useful are 
primarily the water-soluble alkali metal silicates, alkali disilicates and crystalline alkali sheet 
silicates. The group of alkali formers also includes salts with an alkaline reaction such as for 
example alkali metal hydroxides and alkali carbonates. The amount of these alkali forming 
substances used is preferably between 5 and 70% by weight. 

The formulations can also contain dispersing and complexing preparations. Useful products 
are for example citrates, phosphonates, homo and copolymers of acrylic acid, isoserine 
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diacetic acid, ethylenediaminetetraacetic acid and nitrilotriacetic acid and the alkali metal 
salts of the aforesaid substances. These materials when included in formulations are 
preferably present in concentrations of from 5 to 50% by weight. The use of sodium citrate in 
concentrations of from 10 to 40% by weight is especially preferred. 

The formulations can also contain low-sudsing surfactants, preferably in amounts of from 0.5 
to 5% by weight. Usually there are used low-sudsing nonionic surfactants, such as for 
example fatty alcohol ethylene oxide/propylene oxide addition products or fatty alcohol 
ethoxylates capped with alkyl groups. 

In addition, the formulations generally also contain still further additives (e). 

Such additives are for example oxygen-based bleaches such as for example sodium perborate 
or sodium percarbonate which are as a rule included in amounts of from 5 to 1 5% by weight 
Because dishwashers usually operate in the 40-65 deg C range, the action of oxygen bleaches 
can be improved by activators, such as for example tetraacetylethylenediamine (TAED). The 
bleach activator TAED is generally used in amounts of from 0 to 10% by weight. 

Other additives can be chlorine-releasing substances such as dichloroisocyanurates which can 
also act as bleaches. Such products are normally used in concentrations of from 0 to 5% by 
weight. 

If desired, the formulations can also contain enzymes, in particular proteases, amylases and 
lipases. These enzymes are typically used in amounts of from 0 to 5% by weight. Also, 
ingredients that are conventional in these formulations can also be used, such as for example 
fragrances and dyes, suds-suppressors, flow aids, and fillers can easily be added to the 
formulations. These do not contribute to the cleaning action, but they can improve the 
storage properties of the formulation or have a positive influence on consumer acceptance. 
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The dishwash products of the invention can be liquid products, powder and granule products, 
or they can be products that have been compressed into blocks or tablets. 



Liquid formulations can be obtained by mixing the components together. Powdered products 
are usually obtained by mixing the powder components and optionally by spraying the liquid 
component onto them, or by spray drying a liquid to pasty, aqueous slurry of the starting 
components. Tablets are manufactured by first mixing the raw materials and/or prepared in 
mist mixers and then compressed in tabletting machines. 

The formulations of the invention can be used as dishwash detergents in the home and in the 
commercial sector. The graft copolymers (a) contained in the formulations have a good 
binding capacity for alkaline earth metal ions as well as an excellent dispersing and soil- 
carrying capacity. Using these polymers improves the effectiveness of the detergent product. 
The detergent products of the invention provide good soil removal and soil dispersion and 
reduce the deposition of hard water scale on washed articles and on machine parts. 

When compared with formulations in which component (a) is replaced by a commercially- 
available compound, formulations in accordance with the invention are better or at least as 
good. The formulations now claimed also have a much improved biodegradability. 

The following examples illustrate the invention. 

Examples 
Example 1 

Graft copolymer 

By radical polymerisation of 30% by weight of sucrose, 55% by weight sodium acrylate and 
15% by weight of sodium methallylsulphonate in aqueous solution there was obtained a graft 
copolymer with a mean molar mass of about 4000 g/mol. 
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The graft copolymer which was obtained in aqueous solution can be converted into a 
powdered product by spray-drying. 
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Example 2 
Biodegradability 

The biodegradability of the graft copolymers was determined by the modified OECD Sturm 
test, in conformity with EC Directive 84/449/EEC C5 and OECD Guideline 301 B. 
The degree of degradation determined for the substance described in Example 1 was more 
than 90%. 

In contrast, commercially-available polycarboxylates, such as for example homopolyacrylates 
and copolymers of acrylic acid and maleic acid exhibit biodegradabilities of less than 20%. 

Example 3 
Dispersing capacity 

Graft copolymers (a) were added to the formulations in order to bind the alkaline earth metal 
ions and to act as dispersants for precipitated water hardness and soil particles. 

The outstanding dispersing capacity of polymers (a) for calcium carbonate was demonstrated 
by means of the calcium carbonate dispersion capacity (CCDC) test. The determination was 
carried out as described in Tenside Surfactants Detergents 24 (1987) 4, page 213. The 
comparative product was a commercial polycarboxylate, an acrylic acid/maleic acid 
copolymer* 





Polymer 
Example 1 


Commercial 
polycarboxylate 


CCDC 

(25 °C, pH 9,mgCaC0 3 /g) 


980 


700 
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Example 4 
Formulations 

Powdered and liquid machine dishwash detergents having the following composition (in 
percent by weight) were prepared using the graft copolymer of Example 1 . 



Machine dishwash composition, powder 




A 


B 


C 




% 


% 


% 


Surfactant (low-sudsing, MARLOX ® MO 154)* 


2.0 


2.0 


2.0 


Graft copolymer, powder 


10.0 


10.0 


8.0 


Sodium citrate dihydrate 






35.0 


Sodium metasilicate pentahydrate 


50.0 


50.0 




Sodium disilicate granulate 






20.0 


Sodium hydroxide 


10.0 






Sodium carbonate, calc. 


28.0 


5.0 


. 20.0 


Sodium perborate monohydrate 






10.0 


Tetraacetylethylenediamine 






3.0 


Enzymes (proteases, amylases) 






2.0 


Sodium sulphate, light 




33.0 





MARLOX ® MO is a C ir C 14 fatty alcohol alkylene oxide addition product available from 
HulsAG 
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Machine dishwash composition, liquid 




LJ 






/O 


0/ 

/o 


Surfactant (low-sudsing, MARLOX ® MO 154) 


1.0 




Graft copolymer, 50% in water 


10.0 


10.0 


Nitrilotriacetate, 40% 


15.0 


20.0 


Sodium hydroxide solution, 50% 


1.0 


2.0 


Sodium metasilicate, 42% 


12.0 


15.0 


Sodium cumenesulphonate, 40% 


6.0 




Water 


55.0 


53.0 


Cloud point (°C) 


0 


+1 



Comparative formulation 
A comparative formulation, VI, was prepared using a commercially-available powdered 
polycarboxylate (polyacrylate, mean molar mass about 4000 g/mol): 



Comparative formulation 




VI 




% 


Surfactant (low-sudsing, MARLOX ® MO 154) 


2.0 


Polyacrylate (molecular mass about 4000 g/mol) 


10.0 


Sodium metasilicate pentahydrate 


50.0 


Sodium hydroxide 


10.0 


Sodium carbonate calc. 


28.0 
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Example 5 
Practical test 

The washing performance of formulations A in accordance with the invention was 
determined to DIN 44 990 by comparison with the comparative formulation VI using a 
commercially-available dishwasher. The test soils were minced meat, spinach, porridge, tea, 
egg, milk and margarine. The dishwasher was operated with potable water having 13 degrees 
German hardness. The residual soiling was evaluated in accordance with the DIN standard 
and the cleaning index "R" was calculated as the test result: 

Cleaning index A V 1 

(To DIN 44 990) 4.4 4.2 

Because the washing performance increases with increasing cleaning index R, the test shows 
that formulation A in accordance with the invention produces a better cleaning outcome than 
comparative formulation VI. 

An especially advantageous feature of the dishwash formulations of the invention is that they 
contain biodegradable polymers as dispersing and complexing agents whilst exhibiting a very 
good cleaning performance and simultaneously reducing deposits on washed articles and 
machine parts. 

Claims 

1 . Formulations for phosphate-free machine dishwash compositions containing 
(a) from 1 to 60% by weight of graft copolymers of 

A. Monosaccharides, oligosaccharides and/or their derivatives 

B. Monoethylenically unsaturated monocarboxylic acids and/or their salts with monovalent 
cations, 

C. Monoethylenically unsaturated sulphonic acids, sulphuric acid esters and/or their salts with 
monovalent cations, and 

D. Optionally other monomers which can contain a carboxyl group 
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(b) from 5 to 90% by weight of alkali formers 

(c) from 0 to 60% by weight of dispersing and complexing agents 

(d) from 0 to 10% by weight of low-sudsing surfactants and 

(e) from 0 to 50% by weight of other additives. 

2. Formulations according to Claim 1 characterised in that component (a) is present in an 
amount of from 3 to 30% by weight. 

3. Formulations according to Claim 1 characterised in that component (a) is present in an 
amount of from 5 to 15% by weight. 

4. Formulations according to Claim 1 characterised in that components (b) are present in an 
amount of from 5 to 70% by weight. 

5. Formulations according to Claim 1 characterised in that components (c) are present in an 
amount of from 5 to 50% by weight. 

6. Formulations according to Claim I characterised in that components (d) are present in an 
amount of from 0.5 to 5% by weight. 

7. Formulations according to Claim 1 characterised in that components (e) are present in an 
amount of from 0 to 25% by weight. 

8. Use of formulations according to Claims 1 to 7 as machine dishwash compositions. 
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